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1
SYSTEM AND METHOD FOR PREPARING
LIQUID FUELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a division of U.S. patent appli-
cation Ser. No. 13/315,226, filed Dec. 8, 2011, now U.S. Pat.
No. 8,623,925 and titled SYSTEM AND METHOD FOR
PREPARING LIQUID FUELS which claims priority to and
the benefit of U.S. Patent Application No. 61/421,189, filed
on Dec. 8, 2010 and titled LIQUID FUELS FROM HYDRO-
GEN, OXIDES OF CARBON, AND/OR NITROGEN; AND
PRODUCTION OF CARBON FOR MANUFACTURING
DURABLE GOODS. The above-mentioned applications are
incorporated herein by reference in their entireties. To the
extent the foregoing applications and/or any other materials
incorporated herein by reference conflict with the disclosure
presented herein, the disclosure herein controls.

BACKGROUND

This application relates to techniques, methods, and sys-
tems related to preparation of liquid fuels from hydrocarbon
and carbon dioxide generated from organic feed stocks or
other industrial emissions.

Anaerobic digestion of organic substances generally pro-
duces hydrocarbon, such as methane, and carbon dioxide.
Based on scientific research, methane and carbon dioxide are
both greenhouse gases that may cause global warming. It is
advantageous to find a way to transform these gases into
usable engineered fuels because this not only enhances the
energy efficiency but also alleviates the global warming prob-
lem. For example, the ethanol production plants generate a
considerable amount of carbon dioxide emission through
their fermentation process. There is a pressing need to find
useful applications of such carbon dioxide because it repre-
sents a large energy investment to grow and transport the
grain or other fermented feedstock. Similarly it is important
to provide practical ways to reduce their carbon dioxide emis-
sion, either for the existing ethanol plants or those to be built
in the future.

Storage and transportation of gaseous fuels, e.g., hydro-
gen, are complicated and expensive practices because the
system generally needs to be pressurized or super-cooled to
-421°F. Therefore, there is aneed to precondition these kinds
of gaseous fuels and transform them into a form (such as,
liquid at ambient temperature) that can be stored and trans-
ported more efficiently. Having an efficient on-site fuel pre-
condition system that can transform hydrocarbon and carbon
dioxide into liquid fuels is valuable because it reduces the cost
to store and transport gaseous fuels and also controls the
emission of hydrocarbon and carbon dioxide by transforming
them into usable renewable energy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process flow diagram, depicting an exemplary
method for preparing a renewable liquid fuel of the present
invention.

FIG. 2 is a process flow diagram, depicting another exem-
plary method for preparing a renewable liquid fuel of the
present invention.

FIG. 3 is a schematic diagram, depicting an exemplary
system for preparing a renewable liquid fuel of the present
invention.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 4 is a schematic diagram, depicting another exem-
plary system for preparing a renewable liquid fuel of the
present invention.

FIG. 5 is a schematic diagram, depicting yet another exem-
plary system for preparing a renewable liquid fuel of the
present invention.

Like reference symbols and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

Techniques, methods, and systems are disclosed for pre-
paring a renewable liquid fuel from hydrocarbon and carbon
dioxide generated from anaerobic digestion of organic sub-
stances or from industrial emissions.

In one aspect, a method for preparing a liquid fuel can
include: supplying hydrocarbon and carbon dioxide to a
heated area of a reaction chamber in controlled volumes,
forming carbon monoxide and hydrogen by energy provided
by the heated area, transporting carbon monoxide, hydrogen,
and additional hydrogen to a reactor in controlled volumes,
forming the liquid fuel in the reactor by controlling the pres-
sure in the reactor in order to achieve a predetermined object.
The method can also include storing the liquid fuel in a
storage device. The method provides an efficient way to
handle hydrocarbon and carbon dioxide on-site and transform
them into liquid fuels.

In another aspect, a method for preparing a liquid fuel can
include: supplying hydrocarbon and carbon dioxide to a heat-
controlled area of a reaction chamber in controlled volumes,
forming carbon monoxide and hydrogen by energy provided
by the heated area, transporting carbon monoxide, a part of
generated hydrogen, and additional hydrogen to a reactor in
controlled volumes, forming the liquid fuel in the reactor by
controlling the pressure in the reactor in order to achieve a
predetermined object. Meanwhile, another part of generated
hydrogen can be used to form, with nitrogen, ammonia. The
method can include storing the liquid fuel with the ammonia
in a storage device. Storing the liquid fuel and ammonia
together is cost efficient because they do not interact with
each other and they are easily separated. The method provides
an efficient way to handle hydrocarbon and carbon dioxide
and transform them into liquid fuels on-site.

According to aspects of the disclosure, implementations of
the methods above can optionally include one or more of the
following features. For example, the predetermined objects
can be decided according to a user’s need. Predetermined
objects can include: maximum liquid fuel outputs, energy
efficiency (namely, the least energy input), or the longest life
durations of catalysts. The pressure in the reactor can be
controlled by adjusting volumes of input and output gases.
The hydrocarbon and carbon dioxide can be pre-heated by a
heat exchanger (e.g., using a recycled heat). The heated area
can be heated from solar energy or from combustion by a
combustor. Oxygen and additional monoxide can be supplied
to the combustor in order to adjust the volume of carbon
dioxide or provide heat energy to the heated area. The addi-
tional hydrogen can be supplied cyclically to the reactor, in
order to achieve the predetermined object. The liquid fuel can
be stored with water, carbon donor (e.g., a compound that
provides carbon in chemical reactions; the carbon donor can
be either dissolved or colloidal), ammonia, or additives that
improve energy density. The carbon dioxide can be supplied
from emissions of ethanol production plants. The hydrocar-
bon can include methane and the liquid fuel can include
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methanol. The method can include using the recycled heat
energy to transform the liquid fuel back to the gaseous form if
required.

In yet another aspect, a system for preparing a liquid fuel
can include: a reaction chamber with a heated area, a reactor,
a regulating device, and a storage device. The heated area
receives hydrocarbon and carbon dioxide in controlled vol-
umes, and provides energy to form carbon monoxide and
hydrogen. The reactor receives carbon monoxide, generated
hydrogen, and additional hydrogen in controlled volumes.
The regulating device regulates the pressure in the reactor by
adjusting all the controlled volumes and achieves a predeter-
mined object. Then the reactor forms the liquid fuel according
to the predetermined object. The storage device can be used to
store the generated liquid fuel.

The subject matter described in this specification poten-
tially can provide one or more of the following advantages.
For example, the described techniques, methods, and systems
can be used to avoid the high costs of compressing or cryo-
genically freezing gaseous fuels, such as hydrogen. In addi-
tion, the liquid fuels prepared and stored in the present inven-
tion can be easily accessible for various kinds of users. The
described techniques can also be used to reduce the carbon
dioxide generated by industries, such as ethanol plants.
Exemplary Method and System

Techniques, methods and systems are disclosed for prepa-
ration liquid fuels from hydrogen, selected hydrocarbons and
carbon dioxide generated either from anaerobic digestion of
organic substances or from emission from industrial activities
(such as, ethanol production). More particularly, methods and
systems for on-site preconditioning of hydrocarbon and car-
bon dioxide into usable liquid fuels are disclosed.

FIG. 1 is a process flow diagram, depicting an exemplary
method for preparing a renewable liquid fuel of the present
invention. As shown in FIG. 1, the method 100 starts at block
110 by supplying hydrocarbon to a heated area of a reaction
chamber in a first controlled volume. Hydrocarbon can be
from anaerobic digestion of organic substances (e.g., Equa-
tion 1 below) or from other emission sources. In some
embodiments, hydrocarbon and carbon dioxide can be pre-
heated by a heat exchanger that recycles the heat from the
reaction chamber. The reaction chamber can be any types of
device that defines a specific space within which chemical
reactions can take place. The heated area can be an area that
receives heat from other sources. In some embodiments, the
heated area can be areaction zone. In other embodiments, the
heated area can be a porous tube where various catalysts can
be placed. In some embodiments, the catalysts used in the
heated area include nickel (around 20-30%) presented by
alumina substrate (e.g., ALO;).

The method continues at block 120 by supplying the car-
bon dioxide to the heated area of the reaction chamber in a
second controlled volume. Carbon dioxide can be from
anaerobic digestion of organic substances (e.g., Equation 1
below) or from other industrial emissions such as ethanol
production plants. The supplied volumes of hydrocarbon and
carbon dioxide can be controlled by any means that can
control gas flows, such as a valve or other flow regulating
devices. The volume control can be done manually by expe-
rienced operators, or automatically by a computer-monitored
system.

C,H,0,—CH4+CO, Equation 1

The method 100 continues at block 130 by forming carbon
monoxide and hydrogen from hydrocarbon and carbon diox-
ide by energy provided by the heated area. The equation is
shown as Equation 2 below. In some embodiments, the heat
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provided by the heated area can be from solar energy. In some
embodiments, a light collection device can reflect and focus
sunshine to heat up the heated area directly. The solar energy
can be received, converted into different form of energy (such
as, electricity), and then provides heat energy to the heated
area. In other embodiments, the heated area can also be heated
by an outflow of a combustor. In some embodiments, the
combustor can selectively provide additional carbon dioxide
to the heated area when necessary. For example, providing
additional carbon dioxide to maintain the reaction rate when
original carbon dioxide supply accidentally discontinues. In
some embodiments, oxygen and additional carbon monoxide
can be supplied to the combustor to generate heat and/or
necessary carbon dioxide, as shown in Equation 3 below.

CO,+CH +HEAT—2C0+2H, Equation 2

2C0+0,—>2CO, Equation 3

After carbon monoxide and hydrogen are formed, the
method 100 continues at block 140 and block 150 by trans-
porting carbon monoxide and hydrogen to a reactor in a third
controlled volume and a fourth controlled volume, respec-
tively. The volumes of carbon monoxide and hydrogen can be
controlled by any means that can control gas flows, such as a
valve or other flow regulating devices. The volume control
can be done manually by experienced operators, or automati-
cally by a computer-monitored system. The chemical reac-
tion to be performed in the reactor, as shown in Equations 4
and 5 below, prefers elevated pressure, and the reactor can be
any suitable device that can sustain necessary reaction pres-

sure and related conditions.
CO+H,—CH,;0H Equation 4
CO2+3H,—>CH,O0H+H,0 Equation 5

The method 100 continues at block 160 by supplying addi-
tional hydrogen selectively to the reactor in a fifth controlled
volume. According to alternative aspects of the disclosure,
the additional hydrogen is not generated from the heated area,
and can be produced by electrolysis and/or from chemical
reaction outside the reaction chamber. One example is shown
in Equation 6 below. The additional hydrogen can be supplied
selectively according to the situation (e.g., pressure) in the
reactor. In some embodiments, additional hydrogen can be
pressurized and supplied to the reactor cyclically. The cyclic
pressurization enables adequate dwell time of reactants in the
reactor at favorable pressurization conditions, and thus pro-
vides favorable disturbance of the reactants, making reactant
contacts with catalysts more efficiently. In some embodi-
ments, the catalysts used in the reactor can include copper
(Cu), zinc (Zn), aluminum (Al) or alumina (Al,O;). The
volume of additional hydrogen can be controlled by any
means that can control gas flows, such as a valve or other flow
regulating devices.

CH,+Energy—Carbon Products+H,

The method 100 continues at block 170 by regulating the
pressure in the reactor by adjusting controlled volumes to
achieve a predetermined object and at block 180 by forming
the liquid fuel according to the predetermined object. All the
controlled volumes mentioned (e.g., volumes of hydrocar-
bon, carbon dioxide, additional carbon dioxide, oxygen, car-
bon monoxide, additional carbon monoxide, generated
hydrogen, and additional hydrogen) can be adjusted to opti-
mize the reaction condition, in order to achieve the predeter-
mined object. The volumes can be controlled by any means
that can control gas flows, such as a valve or other flow
regulating devices. The volume control can be done manually

Equation 6
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by experienced operators, or automatically by a computer-
monitored system. The predetermined object can include:
maximize the liquid fuel production (as described at block
180 below), minimize the total energy consumption, or have
the longest use duration of catalysts in the reaction chamber.
Based on the predetermined object chosen, the liquid fuel can
be formed from hydrocarbon and carbon dioxide. In some
embodiments, the hydrocarbon can be methane and the liquid
fuel can be methanol. Exemplary equations of the liquid fuel
formation are shown in Equations 4 and 5 above.

The method 100 continues at block 190 by storing the
liquid fuel in a storage device. In some embodiments, the
liquid fuel from the reactor can pass through a heat exchanger
before entering into the storage device. In some embodi-
ments, the liquid fuel can be stored with water, carbon donor
(e.g., a compound that provides carbon in chemical reactions;
the carbon donor can be either dissolved or colloidal), ammo-
nia, or additives that can be used to improve energy density of
the liquid fuel, such as urea or nitrogenous compounds. The
liquid fuel can be stored in different types depending on user
preference. In some embodiments, the liquid fuel can be
transformed into a gaseous form by heat energy recycled from
the reaction chamber.

FIG. 2 is a process flow diagram, depicting another exem-
plary method for preparing a renewable liquid fuel of the
present invention. As shown in FIG. 2, the method 200 starts
at block 210 by supplying hydrocarbon to a heated area of a
reaction chamber in a first controlled volume. Hydrocarbon
can be from anaerobic digestion of organic substances (e.g.,
Equation 1 above) or from other emission sources. In some
embodiments, hydrocarbon and carbon dioxide can be pre-
heated by a heat exchanger that recycles the heat from the
reaction chamber. The reaction chamber can be any types of
device that defines a specific space within which chemical
reactions can take place. The heated area can be an area that
receives heat from other sources. In some embodiments, the
heat area can be a reaction zone. In other embodiments, the
heated area can be a porous tube that various catalysts can be
placed. In some embodiments, the catalysts used in the heated
area include nickel (around 20-30%) presented by alumina
substrate (e.g., Al,Oy;).

The method 200 continues at block 220 by supplying car-
bon dioxide to the heated area of the reaction chamber in a
second controlled volume. Carbon dioxide can be from
anaerobic digestion of organic substances (e.g., Equation 1
above) or from other industrial emissions such as ethanol
production plants. The supplied volumes of hydrocarbon and
carbon dioxide can be controlled by any means that can
control gas flows, such as a valve or other flow regulating
devices. The volume control can be done manually by expe-
rienced operators, or automatically by a computer-monitored
system.

The method 200 continues at block 230 by forming carbon
monoxide and hydrogen from hydrocarbon and carbon diox-
ide by energy provided by the heated area. The equation is
shown as Equation 2 above. In some embodiments, the heat
provided by the heated area can be from solar energy. In some
embodiments, a light collection device can reflect and focus
sunshine to heat up the heated area directly. In other embodi-
ments, the solar energy can be received, converted into dif-
ferent form of energy (such as, electricity), and then provides
heat energy to the heated area. In other embodiments, the
heated area can be heated by the outflow of a combustor. In
some embodiments, the combustor can selectively provide
additional carbon dioxide to the heated area when necessary.
For example, providing additional carbon dioxide to maintain
the reaction rate when original carbon dioxide supply acci-
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dentally discontinues. In some embodiments, oxygen and
additional carbon monoxide can be supplied to the combustor
to generate necessary carbon dioxide, as shown in Equation 3
above.

After carbon monoxide and hydrogen are formed, the
method 200 continues at block 240 and block 250 by trans-
porting carbon monoxide and a first part of hydrogen to a
reactor in a third controlled volume and a fourth controlled
volume, respectively. The volumes of carbon monoxide and
the first part of hydrogen can be controlled by any means that
can control gas flows, such as a valve or other flow regulating
devices. The volume control can be done manually by expe-
rienced operators, or automatically by a computer-monitored
system. The chemical reaction to be performed in the reactor,
as shown in Equation 4 above, prefers elevated pressure, and
the reactor can be any suitable devices that can sustain nec-
essary pressure.

Meanwhile, the method 200 continues at block 251 by
transporting a second part of the hydrogen to form ammonia
with nitrogen, as shown in Equation 7 below. The nitrogen
necessary to feed the reaction can be supplied from the atmo-
sphere or other sources. The generated ammonia can be feed
stocks of hydrogen and nitrogen and supply them to further
uses when necessary. The generated ammonia can be sepa-
rated by selective membranes or pressurized by temperature
and/or charge swing processes that utilize graphene storage
media. The generated ammonia can be stored with the liquid
fuel to be produced in a storage device (see block 290 below).

3H,+N,—2NH,

The method 200 continues at block 260 by supplying addi-
tional hydrogen selectively to the reactor in a fifth controlled
volume. The additional hydrogen can be produced by elec-
trolysis, from the generated ammonia as discussed at block
251 above, and/or from chemical reaction outside the reaction
chamber (e.g., Equation 5 above). The additional hydrogen
can be supplied selectively according to the situation (e.g.,
pressure) in the reactor. In some embodiments, the additional
hydrogen can be pressurized and supplied to the reactor cycli-
cally. The cyclic pressurization enables adequate dwell time
of reactants in the reactor at favorable pressurization condi-
tions, and thus provides favorable disturbance of the reac-
tants, making reactant contacts with catalysts more effi-
ciently. In some embodiments, the catalysts used in the
reactor can include copper (Cu), zinc (Zn) or alumni (Al). The
volume of additional hydrogen can be controlled by any
means that can control gas flows, such as a valve or other flow
regulating devices.

The method 200 continues at block 270 by regulating the
pressure in the reactor by adjusting controlled volumes to
achieve a predetermined object and at block 280 by forming
the liquid fuel according to the predetermined object. All the
controlled volumes mentioned (e.g., volumes of hydrocar-
bon, carbon dioxide, additional carbon dioxide, oxygen, car-
bon monoxide, additional carbon monoxide, generated
hydrogen, and additional hydrogen) can be adjusted to opti-
mize the reaction condition, in order to achieve the predeter-
mined object. The volumes can be controlled by any means
that can control gas flows, such as a valve or other flow
regulating devices. The volume control can be done manually
by experienced operators, or automatically by a computer-
monitored system. The predetermined object can include:
maximize the liquid fuel production (as described at block
280 below), minimize the total energy consumption, or have
the longest use duration of catalysts used in the reaction
chamber. Based on the predetermined object chosen, the lig-
uid fuel can be formed from hydrocarbon and carbon dioxide.

Equation 7
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In some embodiments, the hydrocarbon can be methane and
the liquid fuel can be methanol. An exemplary equation of the
liquid fuel formation is shown in Equation 4 above.

The method 200 continues at block 290 by storing the
liquid fuel and the ammonia in a storage device. In some
embodiments, the liquid fuel from the reactor can pass
through a heat exchanger before entering into the storage
device. In some embodiments, the liquid fuel can also be
stored with water, carbon donor, or additives that can be used
to improve energy density of the liquid fuel, such as urea or
nitrogenous compounds. The liquid fuel can be stored in
different types depending on user preference. In some
embodiments, the liquid fuel can be transformed into a gas-
eous form by heat energy recycled from the reaction chamber.

FIG. 3 is a schematic diagram, depicting an exemplary
system 300 for preparing a renewable liquid fuel of the
present invention. The system 300 includes a reaction cham-
ber 301, a heated area 302, a solar window 306, a reactor 308
and a storage device 311. The system 300 includes a hydro-
carbon source 303 to supply hydrocarbon to the heated area
302, and a carbon dioxide source 304 to supply carbon diox-
ide to the heated area 302. The hydrocarbon source 303 can
receive hydrocarbon from anaerobic digestion of organic sub-
stances (e.g., Equation 1 above) or from other emission
sources. The valve 3031 controls the volume of carbon diox-
ide supplied to the heated area 302. The carbon dioxide source
304 can receive carbon dioxide from anaerobic digestion of
organic substances (e.g., Equation 1 above) or from other
industrial emissions such as ethanol production plants 305.
The valve 3041 controls the volume supplied to the heated
area 302.

After receiving hydrocarbon and carbon dioxide, the
heated area 302 can provide necessary energy to form carbon
monoxide and hydrogen as described in Equation 2 above. In
some embodiments, the heat provided by the heated area 302
can be from solar energy through the solar windows 306. In
some embodiments, a light collection device (not shown) can
reflect and focus sunshine through the solar window 306 to
heat up the heated area 302. In other embodiments, the solar
energy can be received and converted into different form of
energy (such as, electricity), and then provide heat energy to
the heated area 302. The solar windows 306 can be closed
when the heated area 302 has sufficient heat energy to form
monoxide and hydrogen. In some embodiments, the catalysts
used in the heated area 302 include nickel (around 20-30%)
presented by alumina substrate (e.g., Al,O;).

As shown in FIG. 3, carbon monoxide and hydrogen gen-
erated in heated area 302 can be transported to a reactor 308
through a heat exchanger 307. For, example, the heat
exchanger 307 can take the heat from generated carbon mon-
oxide and hydrogen (e.g., while transporting to the reactor
308) to pre-heat the hydrocarbon from the hydrocarbon
source 303 and the carbon dioxide from the carbon dioxide
source 304. The valve 3021 can control the volumes of carbon
monoxide and hydrogen transported to the reactor 308.

As shown in FIG. 3, the additional hydrogen source 309
can selectively provide additional hydrogen to the reactor
308. The valve 3091 can control the volume of additional
hydrogen transported to the reactor 308. The additional
hydrogen can be produced by electrolysis and/or from chemi-
cal reaction outside the reaction chamber (e.g., as shown in
Equation 5 above). The additional hydrogen can be supplied
selectively according to the situation (e.g., pressure) in the
reactor. In some embodiments, the additional hydrogen can
be pressurized and supplied to the reactor cyclically. The
cyclic pressurization enables adequate dwell time of reactants
in the reactor 308 at favorable pressurization conditions, and
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thus provides favorable disturbance of the reactants, making
reactant contacts with catalysts more efficiently.

After receiving carbon monoxide and hydrogen, the reac-
tor 308 can form the liquid fuel from according to a predeter-
mined object. The predetermined object can include: maxi-
mize the liquid fuel production, minimize the total energy
consumption, or longest use duration of catalysts used in the
reaction chamber. Based on the predetermined object chosen,
the liquid fuel can be formed from hydrocarbon and carbon
dioxide. In some embodiments, the catalysts used in the reac-
tor 308 can include copper (Cu), zinc (Zn) or alumni (Al). In
some embodiments, the hydrocarbon can be methane and the
liquid fuel can be methanol. An exemplary equation of the
liquid fuel formation is shown in Equation 4 above.

A regulating device (not shown) can regulate the pressure
in the reactor 308 by adjusting all controlled volumes (e.g.,
through various valves 3031, 3041, 3021 and 3081), in order
to achieve the predetermined object. In some embodiments,
the regulating device can be a computer-operated device
equipped with suitable sensors that can monitor the situation
of the reaction chamber 301, the heated area 302, the reactor
308 and the storage device 311. In other embodiments, the
regulating device can be manually operated to achieve the
predetermined object.

As shown in FIG. 3, the reactor 308 can transport the liquid
fuel, through a valve 3081 and a heat exchanger 310, to a
storage device 311. The valve 3081 can control the flow ofthe
liquid fuel transported to the storage device 311. The heat
exchanger 310 can recycle heat energy from the liquid fuel for
further use. The storage device 311 can store water, carbon
donor, ammonia, or additives that can be used to improve
energy density of the liquid fuel, such as urea or nitrogenous
compounds. The liquid fuel can be stored in different types
depending on user preference. In some embodiments, the
liquid fuel can be transformed into a gaseous form by heat
energy recycled from the system 300.

FIG. 4 is a schematic diagram, depicting yet another exem-
plary system 400 for preparing a renewable liquid fuel of the
present invention. The system 400 includes a reaction cham-
ber 301, a heated area 302, a solar window 306, a reactor 308,
a combustor 401, and a storage device 311. The system 300
includes a hydrocarbon source 303 to supply hydrocarbon to
the heated area 302, and a carbon dioxide source 304 to
supply carbon dioxide to the heated area 302. The hydrocar-
bon source 303 can receive hydrocarbon from anaerobic
digestion of organic substances (e.g., Equation 1 above) or
from other emission sources. The valve 3031 controls the
volume of hydrocarbon supplied to the heated area 302. The
carbon dioxide source 304 can receive carbon dioxide from
anaerobic digestion of organic substances (e.g., Equation 1
above) or from other industrial emissions such as an ethanol
plant 305. The valve 3041 controls the volume of carbon
dioxide supplied to the heated area 302.

After receiving hydrocarbon and carbon dioxide, the
heated area 302 can provide necessary energy to form carbon
monoxide and hydrogen as described in Equation 2 and
related descriptions for the embodiments of FIG. 3 above. In
some embodiments, the heat provided by the heated area 302
can be from solar energy as described in the related descrip-
tions for the embodiments of FIG. 3 above. In FIG. 4, the
combustor 401 can be used to provide heat energy to the
heated area 302 when other sources (e.g., solar energy from
the solar window 306) are not available (e.g., during the night
time). In addition, the combustor 401 can provide additional
carbon dioxide to the heated area 302 when necessary. The
valve 4011 can control the volume of carbon dioxide supplied
to the combustor 401. For example, supply from the carbon
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dioxide source 304 may be interrupted accidentally. In some
embodiments, the oxygen source 402 can supply oxygen to
the combustor 401 to facilitate the combustion. The valve
4021 can control the volume of the oxygen supplied to the
combustor 401. In some embodiments, the carbon monoxide
source 403 can supply carbon monoxide to the combustor 401
to facilitate the generation of additional carbon dioxide as
shown in Equation 3 above. The valve 4031 can control the
volume of'the oxygen supplied to the combustor 401. In some
embodiments, the catalysts used in the heated area 302
include nickel (around 20-30%) presented by alumina sub-
strate (e.g., AL,O;).

As shown in FIG. 4, carbon monoxide and hydrogen gen-
erated in heated area 302 can be transported to a reactor 308
through a heat exchanger 307. The heat exchanger 307 can
take the heat from carbon monoxide and hydrogen (e.g.,
while transporting to the reactor 308) to pre-heat the hydro-
carbon from the hydrocarbon source 303 and carbon dioxide
from the carbon dioxide source 304. The valve 3021 can
control the volumes of carbon monoxide and hydrogen trans-
ported to the reactor 308. As shown in FIG. 4, the additional
hydrogen source 309 can selectively provide additional
hydrogen to the reactor 308. The valve 3091 can control the
volume of hydrogen transported to the reactor 308. The addi-
tional hydrogen can be produced by electrolysis and/or from
chemical reaction outside the reaction chamber (e.g., Equa-
tion 5 above). The additional hydrogen can be supplied selec-
tively according to the situation (e.g., pressure) in the reactor.
In some embodiments, the additional hydrogen can be pres-
surized and supplied to the reactor cyclically. The cyclic
pressurization enables adequate dwell time of reactants in the
reactor 308 at favorable pressurization conditions, and thus
provides favorable disturbance of the reactants, making reac-
tant contacts with catalysts more efficiently.

After receiving carbon monoxide and hydrogen, the reac-
tor 308 can form the liquid fuel from according to a predeter-
mined object. The predetermined object can include: maxi-
mize the liquid fuel production, minimize the total energy
consumption, or longest use duration of catalysts used in the
reaction chamber. Based on the predetermined object chosen,
the liquid fuel can be formed from hydrocarbon and carbon
dioxide. In some embodiments, the catalysts used in the reac-
tor 308 can include copper (Cu), zinc (Zn) or alumni (Al). In
some embodiments, the hydrocarbon can be methane and the
liquid fuel can be methanol. An exemplary equation of the
liquid fuel formation is shown in Equation 4 above.

A regulating device (not shown) can regulate the pressure
in the reactor 308 by adjusting all controlled volumes (e.g.,
through various valves 3031, 3041, 3021 and 3081), in order
to achieve the predetermined object. In some embodiments,
the regulating device can be a computer-operated device
equipped with suitable sensors that monitor the situation of
the reaction chamber 301, the heated area 302, the reactor
308, and the storage device 311. In other embodiments, the
regulating device can be manually operated to achieve the
predetermined object.

As shown in FIG. 4, the reactor 308 can transport the liquid
fuel, through a valve 3081 and a heat exchanger 310, to a
storage device 311. The valve 3081 can control the flow of the
liquid fuel transported to the storage device 311. The heat
exchanger 310 can recycle heat energy from the liquid fuel for
further use. The storage device 311 can include water, carbon
donor, ammonia, or additives that can be used to improve
energy density of the liquid fuel, such as urea or nitrogenous
compounds. The liquid fuel can be stored in different types
depending on user preference. In some embodiments, the
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liquid fuel can be transformed into a gaseous form by heat
energy recycled from the system 400.

FIG. 5 is a schematic diagram, depicting yet another exem-
plary system 500 for preparing a renewable liquid fuel of the
present invention. The system 500 includes a reaction cham-
ber 301, a heated area 302, a solar window 306, a reactor 308,
an ammonia reactor 501, and a storage device 502. The sys-
tem 500 includes a hydrocarbon source 303 to supply hydro-
carbon to the heated area 302, and a carbon dioxide source
304 to supply carbon dioxide to the heated area 302. The
hydrocarbon source 303 can receive hydrocarbon from
anaerobic digestion of organic substances (e.g., Equation 1
above) or from other emission sources. The valve 3031 con-
trols the volume of carbon dioxide supplied to the heated area
302. The carbon dioxide source 304 can receive carbon diox-
ide from anaerobic digestion of organic substances (e.g.,
Equation 1 above) or from other industrial emissions such as
an ethanol plant 305. The valve 3041 controls the volume
supplied to the heated area 302.

After receiving hydrocarbon and carbon dioxide, the
heated area 302 can provide necessary energy to form carbon
monoxide and hydrogen as described in Equation 2 above. In
some embodiments, the heat provided by the heated area 302
can be from solar energy through the solar window 306. In
some embodiments, a light collection device (not shown) can
reflect and focus sunshine through the solar window 306 to
heat up the heated area 302. In other embodiments, the solar
energy can be received, converted into different form of
energy (such as, electricity), and then heat up the heated area
302. The solar window 306 can be closed when the heated
area 302 has sufficient heat to form monoxide and hydrogen.
In some embodiments, the heated area 302 can receive heat
energy from a combustor 401, as described above. In some
embodiments, the catalysts used in the heated area 302
include nickel (around 20-30%) presented by alumina sub-
strate (e.g., ALL,O;).

As shown in FIG. 5, carbon monoxide and the first part of
the generated hydrogen in heated area 302 can be transported
to a reactor 308 through a heat exchanger 307. The heat
exchanger 307 can take the heat from carbon monoxide and
the first part of the generated hydrogen to pre-heat the hydro-
carbon from the hydrocarbon source 303 and carbon dioxide
from the carbon dioxide source 304. The valve 3021 can
control the volumes of carbon monoxide and hydrogen trans-
ported to the reactor 308.

As shown in FIG. 5, the second part of the generated
hydrogen can be transported to the ammonia reactor 501 to
form ammonia with nitrogen, as described in Equation 6
above. The valve 3022 can control the volume of hydrogen
transported to the ammonia reactor 501. The volumes of the
first part and the second part of the generated hydrogen can be
determined by the predetermined objected described above.
The nitrogen necessary to the reaction can be supplied from
the atmosphere or other sources. The generated ammonia can
be feed stocks of hydrogen and nitrogen when necessary. The
generated ammonia can be separated into hydrogen and nitro-
gen by selective membranes or pressurized by temperature
and/or charge swing processes that utilize graphene storage
media. The valve 5011 can control the volume of ammonia
transported to the storage device 502 and the valve 5012 can
control the volume of additional hydrogen separated from
ammonia to the reactor 308. The ammonia can be stored with
the liquid fuel to be produced in the storage device 502.

As shown in FIG. 5, the additional hydrogen source 309
can selectively provide additional hydrogen to the reactor
308. The valve 3091 can control the volume of hydrogen
transported to the reactor 308. The additional hydrogen can
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be produced by electrolysis, separation from ammonia gen-
erated in the ammonia reactor 501, and/or from chemical
reaction outside the reaction chamber (e.g., Equation 5
above). The additional hydrogen can be supplied selectively
according to the situation (e.g., pressure) in the reactor. In
some embodiments, the additional hydrogen can be pressur-
ized and supplied to the reactor cyclically. The cyclic pres-
surization enables adequate dwell time of reactants in the
reactor 308 at favorable pressurization conditions, and thus
provides favorable disturbance of the reactants, making reac-
tant contacts with catalysts more efficiently.

After receiving carbon monoxide and the first part of the
generated hydrogen, the reactor 308 can form the liquid fuel
from according to a predetermined object. The predetermined
object can include: maximize the liquid fuel production,
minimize the total energy consumption, or longest use dura-
tion of catalysts used in the reaction chamber. Based on the
predetermined object chosen, the liquid fuel can be formed
from hydrocarbon and carbon dioxide. In some embodi-
ments, the catalysts used in the reactor 308 can include copper
(Cuw), zinc (Zn) or alumni (Al). In some embodiments, the
hydrocarbon can be methane and the liquid fuel can be metha-
nol. An exemplary equation of the liquid fuel formation is
shown in Equation 4 above.

A regulating device (not shown) can regulate the pressure
in the reactor 308 by adjusting all controlled volumes (e.g.,
through various valves 3031, 3041, 3021, 3081, 3091, 3022,
5011, and 5012), in order to achieve the predetermined object.
In some embodiments, the regulating device can be a com-
puter-operated device equipped with suitable sensors that
monitor the situation of the reaction chamber 301, the heated
area 302, the reactor 308, the ammonia reactor 501, and the
storage device 502. In other embodiments, the regulating
device can be manually operated to achieve the predeter-
mined object.

As shown in FIG. 5, the reactor 308 can transport the liquid
fuel, through a valve 3081 and a heat exchanger 310, to a
storage device 502. The valve 3081 can control the flow of the
liquid fuel transported to the storage device 502. The heat
exchanger 310 can recycle heat energy from the liquid fuel for
further use. The heat exchanger 310 can also adjust the tem-
perature of the additional hydrogen supplied from the ammo-
nia reactor 501 before it enters the reactor 308.

In addition to the liquid fuel and ammonia, the storage
device 502 can also store water, carbon donor, or additives
that can be used to improve energy density of the liquid fuel,
such as urea or nitrogenous compounds. The liquid fuel can
be stored in different types depending on users’ preference. In
some embodiments, the liquid fuel can be transformed into a
gaseous form by heat energy recycled from the system 500.

An application of a liquid fuel such as CH30H or NH3 in
a fuel cell or heat engine such as a gas turbine, rotary com-
bustion or positive displacement piston engine provides for
commensurate delivery of carbon dioxide or nitrogen and/or
thermal energy. This enables economic development of pro-
cesses including enhanced photosynthesis of crops in green-
house and hydroponic systems. Deliveries of such nitrogen
similarly enables greatly improved utilization of nitrogen in
processes such as furnace conversion of powder molded sili-
con articles to silicon nitride ceramics.

The liquid fluid described in this invention can be trans-
formed into polymers for further industrial uses. For example,
in some embodiments, the liquid fuel can be methanol and it
can be further converted into ethylene or propylene, and then
aggregated as polymers, such as polyethylene or polypropy-
lene.
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While this specification contains many specifics, these
should not be construed as limitations on the scope of any
invention or of what may be claimed, but rather as descrip-
tions of features that may be specific to particular embodi-
ments of particular inventions. Certain features that are
described in this specification in the context of separate
embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
bedescribed above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation in all embodiments.

Only a few implementations and examples are described
and other implementations, enhancements and variations can
be made based on what is described and illustrated in this
application.

To the extent not previously incorporated herein by refer-
ence, the present application incorporates by reference in
their entirety the subject matter of each of the following
materials: U.S. application Ser. No. 13/027,208, filed on Feb.
14, 2011, now U.S. Pat. No. 8,318,131 and titled CHEMI-
CAL PROCESSES AND REACTORS FOR EFFICIENTLY
PRODUCING HYDROGEN FUELS AND STRUCTURAL
MATERIALS, AND ASSOCIATED SYSTEMS AND
METHODS; U.S. application Ser. No. 13/026,996, filed on
Feb. 14, 2011 and titled REACTOR VESSELS WITH
TRANSMISSIVE SURFACES FOR PRODUCING
HYDROGEN-BASED FUELS AND STRUCTURAL ELE-
MENTS, AND ASSOCIATED SYSTEMS AND METH-
ODS; U.S. application Ser. No. 13/027,015, filed on Feb. 14,
2011 and titled CHEMICAL REACTORS WITH RE-RADI-
ATING SURFACES AND ASSOCIATED SYSTEMS AND
METHODS; U.S. application Ser. No. 13/027,244, filed on
Feb. 14, 2011 and titled THERMAL TRANSFER DEVICE
AND ASSOCIATED SYSTEMS AND METHODS; U.S.
application Ser. No. 13/026,990, filed on Feb. 14, 2011, now
U.S. Pat. No. 8,187,549 and titled CHEMICAL REACTORS
WITH ANNULARLY POSITIONED DELIVERY AND
REMOVAL DEVICES, AND ASSOCIATED SYSTEMS
AND METHODS; U.S. application Ser. No. 13/027,181,
filed on Feb. 14, 2011 now U.S. Pat. No. 8,187,550 and titled
REACTORS FOR CONDUCTING THERMOCHEMICAL
PROCESSES WITH SOLAR HEAT INPUT, AND ASSOCI-
ATED SYSTEMS AND METHODS; U.S. application Ser.
No. 13/027,215, filed on Feb. 14, 2011, now U.S. Pat. No.
8,318,269 and titled INDUCTION FOR THERMOCHEMI-
CAL PROCESS, AND ASSOCIATED SYSTEMS AND
METHODS; U.S. patent Ser. No. 13/027,198, filed on Feb.
14, 2011 and titled COUPLED THERMOCHEMICAL
REACTORS AND ENGINES, AND ASSOCIATED SYS-
TEMS AND METHODS; U.S. Patent Application No.
61/385,508, filed on Sep. 22, 2010 and titled REDUCING
AND HARVESTING DRAG ENERGY ON MOBILE
ENGINES USING THERMAL CHEMICAL REGENERA-
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TION; U.S. application Ser. No. 13/027,060, filed on Feb. 14,
2011, now U.S. Pat. No. 8,318,100 and titled REACTOR
VESSELS WITH PRESSURE AND HEAT TRANSFER
FEATURES FOR PRODUCING HYDROGEN-BASED
FUELS AND STRUCTURAL ELEMENTS, AND ASSOCI-
ATED SYSTEMS AND METHODS; U.S. Patent Applica-
tion No. 61/237,419, filed on Aug. 27, 2009 and titled CAR-
BON SEQUESTRATION; U.S. application Ser. No. 13/027,
068, filed on Feb. 14, 2011, now U.S. Pat. No. 8,318,997 and
titled SYSTEM FOR PROCESSING BIOMASS INTO
HYDROCARBONS, ALCOHOL VAPORS, HYDROGEN,
CARBON, ETC.; U.S. application Ser. No. 13/027,196, filed
on Feb. 14, 2011, now U.S. Pat. No. 8,912,239 and titled
CARBON RECYCLING AND REINVESTMENT USING
THERMOCHEMICAL REGENERATION; U.S. application
Ser. No. 13/027,195, filed on Feb. 14, 2011 now U.S. Pat. No.
8,784,095 and titled OXYGENATED FUEL; U.S. Patent
Application No. 61/237,425, filed on Aug. 27, 2009 and titled
OXYGENATED FUEL PRODUCTION; U.S. application
Ser.No. 13/027,197, filed on Feb. 14,2011, now U.S. Pat. No.
8,070,835 and titled MULTI-PURPOSE RENEWABLE
FUEL FOR ISOLATING CONTAMINANTS AND STOR-
ING ENERGY; and U.S. application Ser. No. 13/027,185,
filed on Feb. 14, 2011, now U.S. Pat. No. 8,328,888 and titled
ENGINEERED FUEL STORAGE, RESPECIATION AND
TRANSPORT.

I claim:

1. A system for preparing a liquid fuel, the system com-
prising:

a heated area comprising a hydrocarbon input port for
direct flow of hydrocarbon at a first controlled volume
into the heated area, a carbon dioxide input port for
direct flow of carbon dioxide at a second controlled
volume into the heated area, wherein the hydrocarbon
and the carbon dioxide form carbon monoxide and
hydrogen by an energy provided by the heated area, and
afirst heated area outlet port for transporting at least one
of the carbon dioxide, the carbon monoxide, and the
hydrogen out of the heated area;

a reactor, in fluid communication with the heated area,
wherein the reactor comprises a first inlet port for
directly receiving the carbon monoxide in a third con-
trolled volume and the hydrogen in a fourth controlled
volume, and a second inlet port for directly receiving
additional hydrogen in a fifth controlled volume,
wherein the reactor forms the liquid fuel from the carbon
monoxide, the hydrogen, and the additional hydrogen
according to a predetermined object, and a reactor outlet
port for transporting the liquid quid fuel out of the reac-
tor; and

an ammonia reactor having an inlet port in direct fluid
communication with a second heated area outlet port for
transporting the hydrogen out of the heated area to the
ammonia reactor to form ammonia with nitrogen,
wherein the ammonia reactor further includes an ammo-
nia reactor outlet port in direct fluid communication with
the reactor for transporting ammonia reactor generated
hydrogen out of the ammonia reactor to the reactor.

2. The system of claim 1, wherein the predetermined object
includes at least one of a maximized production of the liquid
fuel, a minimum energy input to the reactor, and a longest use
duration of a catalyst used in the reactor.

3. The system of claim 1, further comprising a regulating
device disposed between the heated area and the reactor.

4. The system of claim 1, further comprising:

a heat exchanger to add heat to the hydrocarbon and the

carbon dioxide.

10

20

25

30

35

40

45

50

55

60

65

14

5. The system of claim 1, wherein the additional hydrogen
is pressurized and supplied cyclically.

6. The system of claim 1, further comprising:

a combustor, generating a sixth controlled volume of addi-

tional carbon dioxide and heating the heated area.

7. The system of claim 6, wherein an oxygen is supplied to
the combustor in a seventh controlled volume and an addi-
tional carbon monoxide is supplied to the combustor in an
eighth controlled volume.

8. The system of claim 1, wherein the heated area is heated
by a solar energy.

9. The system of claim 1, wherein the hydrocarbon com-
prises methane, and wherein the liquid fuel comprises alco-
hol.

10. The system of claim 1, wherein the liquid fuel is trans-
formed into a gaseous form by recycled heat energy.

11. The system of claim 1, wherein the liquid fuel is stored
with at least one of water, carbon donor, ammonia, and an
additive used to improve energy density.

12. The system of claim 1, wherein the carbon dioxide is
supplied from an ethanol plant.

13. The system of claim 1, further comprising a storage
device having an inlet port direct in fluid communication with
the reactor outlet port, wherein the storage device is capable
of storing the liquid fuel.

14. The system of claim 1, further comprising a carbon
dioxide supply in fluid communication with the carbon diox-
ide input port.

15. The system of claim 1, further comprising an additional
hydrogen supply in fluid communication with the second
input port of the reactor.

16. The system of claim 6, further comprising an oxygen
source and a carbon monoxide source in fluid communication
with the combustor.

17. A system for preparing a liquid fuel, the system com-
prising:

a heated area comprising a hydrocarbon input port for
direct flow of hydrocarbon at a first controlled volume
into the heated area, a carbon dioxide input port for
direct flow of carbon dioxide at a second controlled
volume into the heated area, wherein the hydrocarbon
and the carbon dioxide form carbon monoxide and
hydrogen by an energy provided by the heated area, and
afirst heated area outlet port for transporting at least one
of the carbon dioxide, the carbon monoxide, and the
hydrogen out of the heated area;

a reactor, in fluid communication with the heated area,
wherein the reactor comprises a first inlet port for
directly receiving the carbon monoxide in a third con-
trolled volume and the hydrogen in a fourth controlled
volume, and a second inlet ort for directly receiving
additional hydrogen in a fifth controlled volume,
wherein the reactor forms the liquid fuel from the carbon
monoxide, the hydrogen, and the additional hydrogen
according to a predetermined object, and a reactor outlet
port for transporting the liquid fuel out of the reactor;

an ammonia reactor having an inlet port in direct fluid
communication with a second heated area outlet port for
transporting the hydrogen out of the heated area to the
ammonia reactor to form ammonia with nitrogen; and

a storage device having a first inlet port in direct fluid
communication with the reactor outlet port, and a second
inlet port in direct fluid communication with an ammo-
nia reactor outlet port, wherein the storage device is
capable of storing the liquid fuel generated in the reactor
and ammonia generated in the ammonia reactor.
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